Abstract: NAWCAD Patuxent River, Maryland, was tasked by the FAA to determine the High Intensity Radiated Field (HIRF) levels for civil aircraft operating in the U
INTRODUCTION
On 10 February 1988 [l] , the Society of Automotive Engineering (SAE) was requested to develop guidance for designers aircraft, aircraft engine, and electronics components on how to maximize protection of airborne avionics and electronic systems from the adverse effects of high energy RF fields through which aircraft may fly. The SAE created under the AE4 EMC Committee the AE4R Radiated Environments Subcommittee. The AE4R was organized into three panels. Panel 1 was set up to analyze and validate the HIRF environment that the FAA had developed. Panel 2 was set up to write the high level advisory material that would support the FAA's HIRF rule making efforts. Panel 3 was set up to write an SAE Aerospace Recommend Practices (ARP) document that provided design and certification methods, later known as the HIRF User's GuideManual.
Concurrently with the FAA efforts, the JAA in Europe had gone to the European Organization for Civil Aviation Equipment (EUROCAE) with a similar request. EUROCAE set up a similar organization under a group called Working Group 33, HIRF. In an early effort to get international agreement on the technical efforts, the EUROCAE members participated in numerous AER4 meetings held in the U.S. The FAA had contracted the DOD Electromagnetic Compatibility Analysis Center (ECAC) in 1987 to research and define the US. high energy RF field environmental envelope to be used for type certification of aircraft and aircraft engines and for the technical standards orders (TSO) authorization of electronic equipment. Panel 1 reviewed the environment data, methods for calculating field strength, and assumptions. The SAE AE4R Panel 1 effort ended with the freezing of the Part 25 Severe Certification and Normal Environments and their corresponding assumptions. The frozen HIRF environments and assumptions were incorporated into a final draft of the advisory circular in 1992. At this point in time, the FAA and JAA had decided that the HIRF rule needed further international harmonization before it could be used in the FAA rule making process. The FAA tasked the Aviation Rulemaking Advisory Committee (ARAC), at the end of 1992, to harmonize the rule and make the necessary adjustment to the supporting documents. The only activity that was on going after this point in the SAE AE4R Panel 1 was a small subpanel that was trying to define the rotorcraft environment. The SAE AE4R Panel 1 Rotorcraft Subpanel and their corresponding group in EUROCAE WG-33 continued to work together to define the assumptions, review emitter data, and propose HIRF environments for rotorcraft. These groups worked closely with the ARAC group to provide a harmonized environment that was completed in June 1997. 
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ASSUMPTIONS
The assumptions from the NPRNNPA and ACIAMJ are summarize in the table 1
ANALYSIS METHODS
The methodology used to collect and reduce the data for the US HIRF environment is shown in figure 1. This process was iterated for the assumptions for Rotorcraft Severe, Fixed Wing Severe, Certification, and Normal HIRF Environments. The peak and average field strengths were tabulated and graphed for presentation. The analysis of the electromagnetic field produce by an emitter was done using classical antenna propagation theory. In the near-field region, the gain is a function of the linear distance from the antenna and aperture type; consequently, the antenna performance must be evaluated using special considerations. The power densities in the near field are calculated using the far field and a near-field gain reduction factor x as shown in equation 1.
All emitter antennas were classified as having one of the following apertures: a rectangular aperture, circular aperture, or a linear aperture. Phase array antennas are treated as rectangular or circular apertures. Elliptical or crossed polarized antennas are treated as either circular or rectangular antennas depending upon the ratio of the elliptical wave. The methods presented in the following section of this paper for calculating near-field gain reduction factors were initially proposed by Alexander Gross of Joint Spectrum Center. SAE AE4R and EUROCAE extensively reviewed, validated, and adopted these methods as the way near-field reduction would be estimated. These unique near-field models became known within the HIRF community as the "Gross" method. Linear Aperture.
A linear aperture has maximum overall dimensions, which is not large compared to the wavelength. Therefore, no near field correction is used. Typical antennas that meet this requirement are dipoles and monopoles. Recfungulur Aperlures Rectangular apertures are horns or partial dish antennas (so-called orange peel antennas). A rectangular aperture antenna may not have the same vertical and horizontal axis illumination taper. Therefore, the gain reduction for each axis is independently determined. The near-field reduction for either axis is shown in figure 2 . 
RECTANGULAR APERTURE NEAR-FELD CORRECTION FACTORS FOR
Next, the distance @om the antenna must be normalized by dividing by the far-field boundary for each axis. The normalized distance for each axis is determined using equation 2 for the horizontal axis and equation 3 for the vertical axis. Average and Peak Power. For systems using AM, FM, or PCM modulations, the peak power was set at the transmitters CW output rating, and average power was set equal to peak power. In radar application, the equipment modulation characteristics are used. Peak and average transmitter power outputs are related as shown in equation 6. Fixed wing aircraft would encounter this situation when the emitter has no restriction where it could radiate its main beam of energy. Slant Illumination. The slant illumination is the result of an emitter having a maximum elevation angle that the main beam of the antenna can be raised to. The fixed wing aircraft are limited to minimum emitter ground separations of 500 fi and higher. This situation is illustrated in figure 4 with an example emitter limited to 30 degrees elevation.
PTa =PTpD (6)
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FIGURE 4 ILLUSTRATION OF SLANT ILLUMINATION
Overhead Illuminations Another aspect of elevation limited antennas is the possibility of a higher overhead power density than experienced at the slant range. Figure 5 illustrates an exaggerated version of this situation.
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FIGURE 5 ILLUSTRATION OF OVERHEAD ILLUMINATION
If the side lobe level was known for an emitter, it was used. The default value if unknown was set to 15 dB below the main lobe.
Power Density to Field Strenghl. Each of the power densities (peak, average, overhead, etc.) were converted to equivalent field strength values using the impedance of free space air as shown in equation 7.
The resulting electric field intensities were used to find the highest driver emitter for peak field intensity and the highest emitter driver for the average field intensity for each of the 17 bands. E = (Pd Z)''R)
(7)
Where:
= Electric Field Intensity (voltdmeter) Pd = Power Density (watts/meter)
The International HIRF Environment was developed at the EEHWG meeting at Bridgeport in June 1997 using the U.S. and European HIRF environment data The International HIRF Environment is a harmonized version of these environments with tailoring consideration as follows:
The level maintained some relationship to 1997 and prior HIRF special conditions environments.
High confidence that aircraft will not be affected by HIRF. 
FIGURE 13 AVERAGE NORMAL ENVIRONMENT
